INTRODUCTION
============

Giant cell arteritis (GCA) is a granulomatous arteritis predominantly affecting large and medium-sized vessels.^[@R18],[@R27]^ Treatment with high-dose glucocorticoids (GC) results in prompt and remarkable improvement of symptoms and reduces the risk of ischemic complications.^[@R2]^ However, reduced GC doses do not completely abolish essential pathways involved in disease persistence, and consequently, the course of GCA may be troubled by relapses.^[@R5],[@R8],[@R27]^ Recrudescence of GCA activity is common, occurring in at least 43% of patients in population-based studies^[@R3],[@R26]^ and up to 80% in clinical trials with adjuvant therapies.^[@R15],[@R16],[@R19],[@R20],[@R22]^ The remarkable variability in the reported prevalence of relapses may be related to heterogeneity in the definition of relapses and to variability in the GC-tapering schedules. Definition of relapse, flare, or recurrence considerably varies across different studies.^[@R16],[@R21]--[@R23],[@R26]^ While in some publications definition of relapse has been based on clinical grounds,^[@R15],[@R16],[@R19]^ in others, isolated increases in acute-phase reactants have been considered disease flares.^[@R24]^

In addition, although this has not been formally evaluated, initial doses and tapering schedules seem to influence relapse rate in GCA.^[@R17],[@R20]^ In this regard, it is noteworthy that the higher relapse rates have been observed in the context of clinical trials with adjuvant therapies where GC tapering is more aggressive than in standard of care settings, and when alternate-day GC tapering is applied.^[@R15],[@R16],[@R19],[@R20],[@R22]^ Consistently, a detailed review of treatments received by patients with isolated polymyalgia rheumatica (PMR) suggests that starting with lower GC doses is associated with higher relapse rates.^[@R13]^

Relapse rate is a commonly used primary endpoint in clinical trials with patients with GCA. However, although frequency of relapses has been reported in various studies,^[@R15],[@R16],[@R19],[@R20],[@R22],[@R26]^ limited information exists regarding the clinical characteristics and predictors of relapses, and accompanying blood test abnormalities, which have been only specifically addressed in a previous study.^[@R23]^ Moreover, it has not been clearly demonstrated whether a relapsing course results in increased disease or treatment-related morbidity in these patients. Therefore, we conducted the present study to investigate the prevalence, timing, predictors, and main features of relapses in a longitudinally followed cohort of patients with GCA with long-term follow-up. In addition, we analyzed whether a relapsing course was associated with disease-related ischemic complications, higher cumulated GC doses, more prolonged treatment periods, and/or higher frequency of GC-related adverse effects.

PATIENTS AND METHODS
====================

Between 1995 and 2007, 187 individuals were diagnosed with biopsy-proven GCA at our institution (Hospital Clínic, Barcelona, Spain). Among them, patients treated by the authors who underwent a regular follow-up for at least 4 years were selected. From the initial 187 patients diagnosed, 81 were excluded for the following reasons: 31 were subsequently treated at other departments or institutions, 19 died early during follow-up, 14 were transferred to nursing homes for advanced dementia, and 17 moved to other regions or had deficient compliance with the scheduled follow-up visits.

The remaining 106 patients were uniformly evaluated, treated, and longitudinally followed by the authors for an average of 7.8 ± 3.3 years (range, 4--15 yr). Clinical and laboratory findings at disease diagnosis were recorded. A combination of clinical and blood test abnormalities was used to evaluate the intensity of the systemic inflammatory response (SIR) as previously reported.^[@R6],[@R7],[@R14]^ These included fever \>38 °C, weight loss ≥4 kg, hemoglobin (Hb) \<11 g/L, and erythrocyte sedimentation rate (ESR) ≥85 mm/h. Patients with 3 or 4 of these items were considered to have a strong SIR, whereas patients with ≤2 were considered to have a weak SIR. Patients underwent clinical assessments in our outpatient facility every 3 months for the first 2 years after diagnosis and approximately every 4--6 months thereafter. ESR, C-reactive protein (CRP), blood cell counts, and Hb concentration were determined at each visit. The treatment protocol consisted of an initial prednisone (PDN) dose of 1 mg/kg per day (up to 60 mg/d) for 1 month. Intravenous methylprednisolone pulse therapy (1 g daily for 3 d) was initially administered to patients with recent (\<48 h) visual loss. PDN was subsequently tapered at 10 mg/wk. When reaching 20 mg/d, this dose was maintained for 1--2 weeks and then reduced to 15 mg/d, which was maintained for 1 month. A further reduction to a maintenance dose of 10 mg/d was attempted. If tolerated, a reduction to 7.5 mg/d was tried after 3--6 months. Subsequent tapering was more variable. In general, a reduction to 5 mg/d was attempted approximately 3--6 months later and maintained for 1 year, after which a reduction of 1.25 mg/d was attempted every 6 months. Methotrexate at 15 mg/wk was added when patients experienced ≥2 relapses or had developed GC side effects. Reduction in PDN dose was performed 1 month before the scheduled follow-up visit to evaluate tolerance to the adjustment and to avoid severe relapses. If disease-related symptoms (cranial manifestations or PMR), fever, weight loss, or anemia not attributable to other reasons after the necessary work-up occurred, PDN dose was increased by 10--15 mg/d above the previous effective dose. If asymptomatic increases in acute-phase reactants were detected, PDN dose was held until the next visit. When a relapse could be defined, patients were managed as discussed above. If not, a reduction was attempted regardless of the ESR or CRP levels.

We used a consensus definition of relapse established in the context of international multicenter clinical trials.^[@R15],[@R16],[@R19]^ Relapse or recurrence were indistinctly defined as reappearance of disease-related symptoms, usually accompanied by elevation of acute-phase reactants that required treatment adjustment. Relapses were categorized according to the clinical manifestation into 4 categories: 1) PMR, 2) cranial symptoms (headache, scalp tenderness, jaw claudication, cranial ischemic complications), 3) systemic disease (anemia, fever, and/or weight loss), or 4) symptomatic large vessel involvement (extremity claudication). Cranial ischemic manifestations included stroke, transient ischemic attacks, amaurosis fugax, GCA-related visual loss, or diplopia. Number of relapses, time (in weeks) from the initiation of treatment to first relapse, time required to reach a PDN maintenance dose \<10 mg/d (T10), \<5 mg/d (T5), and time required to complete GC withdrawal (T0), not followed by a relapse for at least 3 months, were recorded. Cumulated PDN doses received after the first year of treatment were calculated. For each episode of relapsing activity, the ESR, serum CRP, and Hb concentrations were determined, as well as the PDN dose received at that time. In addition, GC-related adverse effects including new or worsening hypertension, diabetes mellitus, hypercholesterolemia, osteoporosis, cataracts, and Cushing appearance were recorded. Measurement of bone mineral density with dual energy X-ray absorptiometry was performed at disease diagnosis and thereafter approximately every 2 years. Osteoporosis was diagnosed using the World Health Organization criteria---that is, bone mineral density T-score of 2.5 standard deviations (SDs) or more below the young adult mean.^[@R4]^ For screening of diabetes and hyperlipidemia, patients had blood tests prior to each visit, and blood pressure was periodically assessed both at their scheduled visits and by their primary care physicians. We recorded events as adverse events when they appeared or worsened after GC treatment and required new treatment or intensification of previous therapy. The study was approved by the Ethics Committee of Hospital Clínic (Barcelona, Spain).

Statistical Analysis
--------------------

Continuous variables are presented as mean±SD and/or median and interquartile range (IQR) and categorical data as percentages. Association between relapses and selected covariates was analyzed using the T-test (paired and unpaired) for quantitative variables and the chi-square test for categorical data. Time required to achieve maintenance PDN dose \<10 mg/d, \<5 mg/d, and time to treatment discontinuation were compared between patients with and without relapses by the Kaplan-Meier survival analysis method. Statistical significance was defined as p \< 0.05. Calculations were performed with the statistical package PAWS statistics v 18 (SPSS Inc, Chicago, IL) and GraphPad Prism v 5.04 for Windows (GraphPad Software, La Jolla, CA).

RESULTS
=======

We analyzed 106 patients. Mean age at diagnosis was 75 ± 7 years (range, 58--89 yr) with a male to female ratio of 1:2.6. Demographic data and main clinical features at disease onset are depicted in Table [1](#T1){ref-type="table"}.

###### 

Baseline Characteristics at Diagnosis (*n=106*)
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Chronology and Characteristics of Relapses
------------------------------------------

Sixty-eight patients (64%) relapsed during follow-up (mean, 7.8 ± 3.3 yr; range, 4--15 yr) (Figure [1](#F1){ref-type="fig"}). Mean time to first relapse was 79 ± 75 weeks (range, 11--339 wk) with a median of 51 (IQR, 89) weeks. Thirty-four of the 68 patients (50%) relapsed during the first year after diagnosis (Figure [2](#F2){ref-type="fig"}A).

![Kaplan-Meier plot of the entire series showing the probability of relapse over time.](medi-93-194-g002){#F1}

![Characteristics and timing of flares in relapsing patients (n = 68). A) Percentage of patients relapsing per year of follow-up and mean±SD and median (IQR) prednisone dose (mg/d) received at the time of relapse. B) Percentage of relapsing patients with a given clinical type of relapse. C) Percentage of patients receiving the indicated dose of prednisone (mg/d) at the time of the first relapse. D) Clinical type of relapse at the second recurrence. \*One patient developed a severe ischemic complication (anterior ischemic optic neuritis).](medi-93-194-g003){#F2}

PMR was the most frequent clinical manifestation observed during the first flare (Figure [2](#F2){ref-type="fig"}B). Of note, severe ischemic complications were not developed by any patient as part of the first relapsing episode. Most patients relapsed with the same features originally present at GCA diagnosis (n = 52, 78%). For those who developed a different clinical manifestation, PMR was the most frequent new feature (n = 9, 75%). No patients in this series relapsed with symptomatic large vessel involvement.

Figure [2](#F2){ref-type="fig"}A shows the mean±SD and median (IQR) of PDN used by patients at the time of relapse during the first 5 years of follow-up. Mean PDN dose received by the 68 patients at the first relapse was of 5.3 ± 6.5 mg/d with a median of 2.5 (IQR, 7.5) mg/d. Fifty-two percent were receiving doses ≤2.5 mg/d (Figure [2](#F2){ref-type="fig"}C). PDN doses at the time of relapse tended to decrease over time (Figure [2](#F2){ref-type="fig"}A). Patients who relapsed during the first year received 8.3 ± 8.2 mg/d, median 7.5 mg (IQR, 15), whereas patients who relapsed during the second year were receiving 3.7 ± 2.3 mg, median 5 mg (IQR, 2.5).

Mean ESR, CRP, and Hb levels at the time of the first relapse were 61 ± 29 mm/h, 4.0 ± 3.8 mg/dL, and 12 ± 1.4 g/L, respectively. The inflammatory response at that time was comparatively lower than that observed at GCA onset (ESR 88 ± 33 vs 61 ± 29 mm/h, p \< 0.0001; CRP 11 ± 19 vs 4.0 ± 3.8 mg/dL, p = 0.001; and Hb 11.3 ± 1.6 vs 12 ± 1.4 g/L, p \< 0.0001). We observed an increase of 33 ± 14 mm/hr in ESR level, an increase of 2.9 ± 2.2 mg/dL in CRP concentration, and a decrease of 0.7 ± 0.1 g/L for Hb values between the previous laboratory tests while in remission and the ones performed at disease relapse.

There were significant differences in the PDN doses used to treat relapses according to the type of recurrence (Table [2](#T2){ref-type="table"}). The lowest doses were used to treat PMR symptoms (14.5 ± 6.8 mg/d) whereas higher doses were employed to treat cranial manifestations (23.7 ± 12.9 mg/d). ESR levels and Hb concentrations were significantly more deviated from normal values in patients who relapsed with systemic manifestations (see Table [2](#T2){ref-type="table"}).

###### 

Laboratory Characteristics and PDN Dose at Each Relapse Type
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Thirty-eight patients (36%) had 2 or more relapses. Distribution of relapse types was similar to that observed at the first episode (Figure [2](#F2){ref-type="fig"}D). One patient developed a severe ischemic complication (anterior ischemic optic neuritis) as part of her second recurrence. This patient was treated for 3.5 years and regularly followed for 5 years. She subsequently abandoned regular visits and presented with a relapse including malaise, ischemic optic neuritis, and elevation of ESR, 4 years later. The mean PDN dose at the second flare was 4.3 ± 2.7 mg/d with a median of 5 (IQR 2.5) mg. ESR (mm/h), CRP (mg/dL), and Hb (g/L) levels were 55 ± 30, 3.9 ± 6.1, and 12.1 ± 1.4 respectively.

Predictors of Relapse
---------------------

To search for predictors of relapses, we compared initial clinical and laboratory findings between patients with or without recurrent disease. At disease onset, PMR and scalp tenderness were more frequently observed in relapsing patients (Table [3](#T3){ref-type="table"}). Acute-phase reactants tended to be higher in patients with recurrences, but only haptoglobin reached statistical significance (3.8 ± 1.6 g/L vs 3.0 ± 1.3 g/L, p = 0.042). When the intensity of the SIR was evaluated combining clinical and laboratory findings, patients with multiple relapses were significantly more frequent among those with a strong SIR: 23 of 27 (85%) patients with a strong SIR relapsed 2 or more times compared with 15 of 41 (37%) of those with a weak SIR. No other predictors of recurrences could be identified.

###### 

Clinical Manifestations at Diagnosis in Patients With and without Relapses
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Glucocorticoid Requirements and Side Effects According to Disease Recurrences
-----------------------------------------------------------------------------

Treatment requirements were different in both groups of patients (Table [4](#T4){ref-type="table"}). Patients with relapses required significantly longer periods of time to reach a maintenance dose of PDN \<10 mg/d, \<5 mg/d, and to completely discontinue GC therapy (Figure [3](#F3){ref-type="fig"}). Cumulated PDN dose during the first year was significantly higher in relapsing patients (6.2 ± 1.7 g vs 5.4 ± 0.78 g, p = 0.015). Relapsing patients had an increased prevalence of osteoporosis (65% for relapsing patients vs 32% for nonrelapsing, p = 0.001). Other adverse effects also tended to be more frequent in patients with relapses, but differences did not reach statistical significance. As expected, methotrexate was administered more frequently in patients with relapses than in patients in sustained remission (22% vs 3%, p = 0.009).

###### 

Treatment Requirements and Side Effects During Follow-up

![](medi-93-194-g006)

![Survival curves showing the time required to reach a stable dose of prednisone \<10 mg/d (A), \<5 mg/d (B), and 0 mg/d (C) in patients with relapses (solid line) and with sustained remission (broken line). \[Note the scale for time of follow-up is different among the 3 figure parts\].](medi-93-194-g007){#F3}

DISCUSSION
==========

Limited information about the characteristics of recurrences occurring in patients with GCA is available.^[@R23]^ Here, we present detailed data about clinical and laboratory characteristics of relapses from a cohort of uniformly treated patients with GCA with long-term follow-up. The definition of relapse used in the present study was similar to that used in randomized, controlled clinical trials evaluating adjunctive therapies for GCA.^[@R15],[@R16],[@R19]^

In spite of the satisfactory initial response to GC treatment, 64% of patients relapsed in the present series. This percentage is somewhat higher than that reported in population-based studies,^[@R3],[@R26]^ possibly due to the more extended follow-up of our patient cohort, but some selection bias cannot be excluded. Although most relapses occurred within the first 2 years of treatment, recurrences also developed subsequently. PMR was the most frequent symptom (51%) at the time of relapse, followed by cranial manifestations (31%). In previous studies^[@R16],[@R22],[@R23]^ headache was the leading feature (44%-60%), followed by PMR (19%-30%),^[@R16],[@R23]^ and constitutional syndrome (28%).^[@R23]^ Therefore, the distribution found in the current cohort is close to that found in other studies. It is noteworthy that disease-related ischemic complications seem to be extremely infrequent in the context of controlled relapses. In previous studies the occurrence of ischemic manifestations has been also found to be infrequent during follow-up (0%-6%).^[@R1],[@R16],[@R23]^ Only 1 patient in the current series suffered anterior ischemic optic neuropathy in the context of a delayed relapse, but this patient had interrupted regular control visits at the time of disease recurrence. No patient in our series relapsed with symptomatic involvement of large vessels.

Relapses were usually accompanied by elevated levels of ESR and CRP that were, nevertheless, lower than those observed at disease onset. In accordance, PDN doses much lower than the starting doses were usually effective for treating controlled relapses. However, it must be stressed that the reported features were obtained from patients who were closely followed with re-assessments performed approximately every 3 months during the first 2 years after diagnosis. We cannot exclude that severe relapses requiring higher GC doses may occur in patients controlled less tightly. These findings indicate that patients with GCA need to be indefinitely observed even after successful GC discontinuation.

As for the time at greatest risk for relapse, in 50% of patients who relapsed, recurrences occurred during the first year. Mean time to first relapse was 19.7 ± 18.7 months, similar to what has been reported by others.^[@R21],[@R23],[@R26]^ However delayed relapses also occurred.

As shown in Figure [2](#F2){ref-type="fig"}, PDN dose received at the time when relapses occurred decreased over time, suggesting that disease activity progressively decreases and, over the years, lower PDN doses are required to maintain remission. Overall, relapses occurred when patients were receiving a mean PDN dose of 5.3 ± 6.5 mg/d with median 2.5 mg/d (IQR, 7.5). This dose is lower than that reported in other series. This may be due to variability in the rate of initial PDN tapering across different studies or to other reasons. No patient in our cohort relapsed with PDN higher than 25 mg/d.

Patients with relapses required longer periods of treatment and were exposed to higher cumulated PDN doses, similar to what was found in a previous study.^[@R23]^ All patients in our cohort experienced at least 1 GC-related side effect. Other studies have reported GC adverse effects in 90%-95% of GCA patients within the first 3 years of therapy.^[@R24],[@R26]^ These include new or worsening hypertension (22%-84%),^[@R19],[@R24],[@R26]^ infections (22%-56%),^[@R19],[@R22],[@R24],[@R26]^ osteoporosis and bone fractures (8%-38%),^[@R19],[@R22]--[@R24],[@R26]^ new or worsening diabetes mellitus (7%-37%),^[@R19],[@R22]--[@R24],[@R26]^ and cataracts (4%-41%).^[@R19],[@R24],[@R26]^ The higher frequency of side effects in our patient cohort may be related to the longer follow-up period. We observed that patients with recurrences presented more GC-related toxicity, in particular osteoporosis despite the administration of calcium supplements, vitamin D, and bisphosphonates. These data highlight the need for more efficient and safer therapies.

In the current cohort, relapses could not be attributed to insufficient treatment because relapsing patients received more GC and for more extended periods of time. This observation indicates that some patients have a more resistant disease. From the clinical standpoint, an intense acute-phase response was associated with higher risk of relapse. Other investigators have also observed that abnormalities related to the acute-phase response are predictors of relapse.^[@R6],[@R9],[@R12],[@R14],[@R23],[@R25],[@R28]^ Among other findings, only scalp tenderness and PMR were slightly more frequent in relapsing patients. Although this association may be spurious, a similar trend has been observed in other studies.^[@R23]^ Previous studies have investigated tissue and serum biomarkers associated with persistent disease activity and relapsing course. Elevated serum concentrations of tumor necrosis factor (TNF)-α, interleukin (IL)-6, and soluble intercellular adhesion molecule (ICAM)-1 are associated with relapsing disease.^[@R10],[@R12],[@R28]^ Increased expression of TNF-α or chemokine (C-C motif) ligand (CCL)-2 mRNA in involved arteries is associated with recurrent disease and higher GC requirements. However, TNF-α blockade was not sufficient to reduce relapses and spare corticosteroids,^[@R16]^ indicating that association does not imply causality and suggesting that TNF-α effects may be compensated by other cytokines and that upstream mediators may be more relevant to perpetuate disease activity. Elevated mRNA concentrations of Th1 cytokines IL-12/23p40 and interferon (IFN)-γ have been observed after 1 year of treatment in second temporal artery biopsies of relapsing patients, suggesting re-activation of initial events able to drive subsequent inflammatory cascades.^[@R28]^ In contrast, increased IL-17 expression in GCA lesions is a predictor of sustained response to GC.^[@R11]^ Further research is needed to elucidate the mechanisms involved in disease persistence, to enable the design of more specific and efficient targeted therapies.

Abbreviations: CRP = C-reactive protein, ESR = erythrocyte sedimentation rate, GC = glucocorticoids, GCA = giant cell arteritis, Hb = hemoglobin, IQR = interquartile range, PDN = prednisone, PMR = polymyalgia rheumatica, SD = standard deviation, SIR = systemic inflammatory response, TNF = tumor necrosis factor.

Results partially presented at the Annual Scientific Meeting of the American College of Rheumatology 2012, Washington, DC (November 10--14, 2012).
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